I. The availability of lysine in nine vegetable-protein concentrates was assessed using the slope-ratio assay for growing pigs and rats. Diets were equalized for crude fibre using solka floc to minimize any possible effects of variation in fibre content on availability estimates.
Previous work showed that, for growingpigs, the availability of lysine in cottonseed meal and meat-and-bone meal was approximately half that in fish meal, skim-milk powder and soya-bean meal. Similar differences were detected with a slope-ratio assay with rats but not with the chemical Silcock available-lysine assay as developed by Roach et al. (1967) .
Further studies on the availability of lysine in vegetable-protein concentrates confirmed that lysine availability vaned widely and was not detected by chemical techniques. However, there was a wide variation in the crude fibre content of the diets (up to 50 g/kg), as a result of the large quantities of vegetable-protein concentrates needed to supply the desired concentrations of total lysine in the assays (up to 250 g/kg). Amino acid digestibility is negatively correlated with fibre content in cereals (Taverner & Farrell, 1981) and the addition of fibre to diets can depress the digestibility and utilization of lysine and other nutrients (Just, 1982) . Thus the high crude fibre contents in some of the diets used by could have depressed lysine digestibility and hence availability, yielding estimates which may not apply in diets of lower crude fibre content.
In the present paper the results of two assays conducted with pigs to determine the availability of lysine in vegetable-protein concentrates using diets equalized for crude fibre content are reported. Following a very low assay value for a sample of lupin (Lupinus angustifolius)-seed meal in Expt 1, additional samples of lupin-seed meal were assayed in Expt 2 to assess the range in lysine availability in this meal. Lysine availability was also estimated by a slope-ratio assay with rats, the Silcock available-lysine technique and by the direct 1 -fluoro-2,4-dinitrobenzene (FDNB)-available-lysine assay (Carpenter, 1960) . Pig slope-ratio assay A slope-ratio assay was used to determine the availability of lysine in proteins. Linear regression coefficients of response (say to food conversion efficiency) to increasing dose level of test protein and standard lysine are calculated and the ratio of the test protein's linear regression coefficient to the standard lysine's linear regression coefficient provides the potency of the lysine in the test protein. In our assays the dose levels for the test proteins were formulated to contain the same total lysine as that of the standard lysine doses so that the potency estimate for lysine in the test protein was an expression of lysine availability as a proportion of total lysine. The statistical analysis of the slope-ratio assay was as outlined in Chapter 7 of Finney (1 964).
There are a number of criteria that can be used to assess response. Food conversion efficiency is preferred to weight gain as it takes into account any differences in food intake (Carpenter, 1973) . Previous work had shown that results expressed on a carcass basis were preferred to those expressed on a live-weight basis as the former eliminates any effect of variation in gut content on availability estimates. This is important, as in the formulation of diets the test protein was included at the expense of highly digestible wheat starch.
Expt 1. For this assay, four protein concentrates were assayed in the one experiment. This involved the use of twenty-six diets: the basal diet (blanks), five diets to determine the pig's response to standard lysine and twenty for the four protein concentrates (five for each protein concentrate). The basal diet (Tables 2 and 3 ) was formulated using a medium-protein wheat (Timgalen cultivar) which, in combination with the wheat gluten, supplied adequate quantities of all the amino acids except lysine, which was added to bring the basal level up to 5-2g/kg, and methionine and threonine, which were added to ensure adequacy according to estimates of Lewis & Cole (1976) . The five levels of lysine used to determine the pig's response to standard lysine were in 500 mg increments of L-lysine/kg and were obtained by the addition to the basal diet of L-lysine monohydrochloride, anhydrous, feed' grade, supplied by Miwon Co. Ltd, Korea. The protein concentrates were incorporated into the basal diets to provide five levels of total lysine, again in 500 mg/kg increments, at the expense of wheat starch. The cottonseed meal contained 15 100 and 940 mg total and free gossypol/kg respectively and ferrous sulphate was added to inactivate any effects it may have had (Husby & Kroening, 1971) .
Solka floc was included in the basal diet and the level reduced to make allowance for the crude fibre content of the vegetable-protein concentrates so that all diets were fed on an equal crude fibre basis. Maize oil was included in the basal diet to improve the texture of the diet. The digestible energy content of the components was calculated using results of previous determinations at this Agricultural Research Centre or literature values. Dietary energy was maintained at 14.5 MJ digestible energy/kg diet using wheat starch and maize oil as non-protein energy sources.
The twenty-six diets were arranged in a randomized block design. The pigs were blocked on 7-week weight, sex and position in the experimental facilities. There were four blocks, two containing males and two females, all of the Large White breed. The pigs were penned individually and water supplied by ' nipple ' drinkers. Dietary treatments were introduced when the pigs reached 20 kg live weight. The diets were offered at a daily rate of 1000 gat 20 kg live weight, with 100 g increments/ 2.5 kg live-weight gain. The pigs were fed eight times daily, at intervals of 3 h, with a solenoid-controlled automatic frequent feeder to ensure the utilization of added free amino acids . The food was offered dry. Rations were adjusted after the weekly weighings of the pigs.
The pigs were slaughtered after reaching a minimum weight of 45 kg and hot eviscerated carcass weights recorded. The ham was dissected and the lean content used as an indicator of carcass leanness. Pig response was assessed in terms of daily live-weight gain, food conversion efficiency (FCE; kg live-weight gain/kg food eaten), dressing proportion (hot carcass weight as a proportion of live weight), lean content of the ham, carcass gain/d (kg hot carcass weight -(kg initial live weight x 0.69) + period (d) on experiment) and FCE on a carcass basis (kg hot carcass weight -(kg initial live weight x 0.69) + kg food intake). The factor of 0.69 for estimated carcass weight was previously determined with ten piglets (five males and five females) slaughtered at 20 kg live weight.
The results for daily live-weight gain, FCE, carcass gain/d and FCE on a carcass basis were analysed by the slope-ratio technique of Finney (1 964) for multiple assays. The analysis of variance was as shown in Table 4 . The error degrees of freedom were reduced to seventy-six as there were two missing plots (see Results section).
The results for dressing proportion and lean content of the hams were regressed v. lysine for each protein concentrate. These analyses were conducted to determine if there was any effect of inclusion level of protein concentrate on dressing proportion or dietary lysine concentration on lean deposition.
Expt 2. This was conducted in a similar manner to Expt 1 except that five protein concentrates were assayed. This involved the use of thirty-one diets: the basal diet (blanks), five diets to determine the pig's response to standard lysine and twenty-five for the five protein concentrates (five/protein concentrate). The basal diet (Tables 2 and 3) was formulated using a medium-protein wheat (Condor cultivar) which, in combination with the wheat gluten, supplied adequate quantities of all the amino acids except lysine, which was added to bring the basal level up to 5.2 g/kg, and methionine and threonine, which were added to ensure adequacy according to estimates of Lewis & Cole (1976).
Inclusion levels of lysine, equalization of dietary crude fibre and digestible energy content were as in Expt 1 except that the digestible energy content of the field peas and soya-bean meal no. 2 (13.9 and 14.8 MJ/kg, air-dry basis) were determined by the method outlined by Batterham (1979) .
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The design of the experiment and allocation of animals was as for Expt 1 with four pigs allotted to each diet except for diets 1 (blanks) and 6 (2500 mg standard lysine/kg) where six pigs were allotted (three males and three females). Feeding rates, method of procedure, assessment of performance and statistical analyses of the results were as for Expt 1 except that with the extra protein concentrate and additional pigs on diets 1 and 6 there were ninety-seven degrees of freedom in the analysis of variance.
Rat slope-ratio assay Single separate assays were conducted for each protein concentrate. A total of seven diets were used for each assay: the basal diet (blanks), three diets to determine the rat's response to standard lysine and three diets to determine the rat's response to the protein concentrate. The basal diet contained (g/kg): wheat 650, wheat gluten 100, m-methionine 1.5, L-threonine 0.7, maize oil 20, bone flour 25, mineral and vitamin premix 5 (composition in Table 2 ) and wheat starch 197.8. The combination of wheat and gluten supplied adequate levels of all amino acids except lysine (4.7 mg/kg), methionine and threonine. The latter two were added to ensure adequacy according to estimates of the (US) National Research Council (1972) . The three levels of L-lysine used to determine the rat's response to standard lysine were 0.75, 1.5 and 2-25 g/kg (same batch of lysine as used for the pig assay). The protein concentrates were incorporated into the diets to supply the same three levels of total lysine as used to determine the standard lysine response. This was done at the expense of wheat starch. Solka floc was incorporated into the diets to equalize dietary crude fibre content to that supplied by the highest level of protein concentrate. Additional maize oil was used with some protein concentrates to maintain the estimated digestible energy content of the diets.
For the rat assays, two female and two male albino rats, approximately 24-26 d old, were used per dose and were blocked on the basis of litter and sex (block size seven). The rats were individually caged in a room where the temperature and relative humidity were maintained at 21 L lo and 50 5% respectively. Lighting was provided for 12 h daily. Food was supplied in 'self-feeders '. At the completion of a 14 d test, the rats were weighed, killed with chloroform and the alimentary tract, heart and lungs removed. The weight of the eviscerated carcass was recorded. Performance was assessed in terms of weight gain, FCE (g weight gain/g food eaten), carcass gain (g eviscerated carcass weight -(g initial live weight x 0-79)) and FCE on a carcass basis (g eviscerated carcass weight -(g initial live weight x 0.79) + g food eaten). The factor of 0.79 for estimated eviscerated carcass weight was previously determined with eight rats (four male and four female) of similar live weight and age to those used for the assays.
The results were analysed by the slope-ratio technique of Finney (1964) t Live-weight gain (kg)+food intake (kg). 5 Hot carcass weight (kg) -(initial live weight (kg) x 0.69) + food intake (kg).
Chemical analyses
greater and those given soya-bean meal smaller (P c 0.05) compared with pigs given the standard lysine or other protein concentrates. The level of inclusion of protein concentrate depressed dressing proportion in Expt 1, but this was only significant (P < 0.05) for cottonseed and peanut meals. In Expt 2 the addition of standard lysine increased dressing proportion (P c 0.05), field peas had no effect and the lupin-seed and soya-bean meals had small but non-significant (P > 0.05) depressing effects. The availabilities of lysine in the nine protein concentrates, as determined by the four production criteria, are presented in Table 9 . Availability estimates were lower on a carcass compared to live-weight basis and in the majority of cases marginally higher on a FCE compared to weight-gain basis. Using FCE on a carcass basis as the criterion of response, availability estimates were very low in cottonseed meal, low and variable in lupin-seed meal and high in field peas and soya-bean meal. t Live-weight gain (kg)+food intake (kg).
Rat slope-ratio estimates on the nine protein concentrates are presented in Table 10 . There was no consistent pattern of gain v. FCE but estimates were generally lower on a carcass basis. Using FCE on a carcass basis as the criterion of response, there was close agreement with the pig estimates for cottonseed and soya-bean meals, higher values for lupin-seed meal and peanut meal and a lower value for field peas.
The Silcock available-lysine values ranged from 0.98 for lupin-seed meal no. 1 and field peas to 0.87 for cottonseed meal (Table 11) . Values for the direct-FDNB procedure were lower and more variable and ranged from 0.57 for lupin-seed meal no. 1 to 0.94 for soya-bean meal no. 2. For comparative purposes, the slope-ratio estimates for pigs and rats (based on FCE on a carcass basis) are also presented in Table 11 . There was little relationship between these values and the chemical techniques.
All samples of lupin-seed meal had low levels of aflatoxins (< 30 pg/kg), alkaloids (< 0.10-0-14 g/kg) and presence of P. leptostromiformis (nos 1 and 4 not detectable, nos 2 and 3 one seed per 200 seeds examined). 0 Hot carcass weight (kg) -(initial live weight (kg) x 0.69) -food intake (kg).
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DISCUSSION
The results confirm earlier findings ) that the availability of lysine in cottonseed meal is low for pigs, and that of soya-bean meal high. There appears to be little effect of the method of processing on cottonseed meal in that the low availability in the cottonseed meal in Expt 1 (0.39, expeller processed) was similar to that of a 'prepress'solvent-extracted meal (0-43, Batterham et al. 1979) . The results also indicate that the availability of lysine in peanut meal is low to medium (0.57) and in field peas high (0.93). The low and variable results for lupin-seed meal were unexpected as no heat processing was used in their preparation. Consequently, an availability similar to field peas (also given raw) was anticipated. The low availabilities were unlikely to be due to the presence of aflatoxins, mycotoxins or alkaloid content. The production history of meal no. 1 (availability 0.37) was traced and there was no evidence of pesticides or chemicals used during 5 Slope-ratio values not calculated as curvature (peanut meal) and intersection (lupin-seed meal no. 3 and soya-bean meal no. 2) significant (p Table 10 . production or storage that was likely to affect pig performance. There does not appear to be a toxic factor in the meal as a high inclusion level of meal no. 2 (430 g/kg) was given to weaner pigs with no adverse effect (Barnett & Batterham, 1981 ) and the response to inclusion level of the meals in the slope-ratio assay was linear. Nor is there evidence in the literature of anti-nutritional factors associated with cultivars of L. angust~oli~s (Hove et al. 1978; Hove & King, 1979; Hudson, 1979) . The true digestibility of lysine at the terminal ileum of pigs was determined for lupin-seed meal no. 1 (availability 0.37) by M. R. Taverner (personal communication) and was high (0.86). This indicates that the low availability is not associated with low digestibility. Nor was the low availability detected by the slope-ratio assays with rats or by the two chemical techniques. Whilst the values for the direct-FDNB procedure were lower than the Silcock values for lupin-seed meal, this may only be a reflection of the instability of dinitrophenyllysine in the presence of carbohydrates. Over-all, the lower availability of lysine in the lupin-seed meal for pigs may reflect either the presence of an unidentified growth depressant (which has a linear effect on performance with increasing inclusion level) or to the lysine being in a form that is digested but inefficiently utilized. Furthermore, the causal factor (or factors) appears specific to pigs. These aspects are currently being investigated.
Availability
Whilst crude fibre does not measure any definable chemical fraction of a feed (Van Soest &Wine, 1967) it does appear to be a suitable basis on which to equalize diets for fibre content using solka floc, as variation in dietary acid-detergent and neutral-detergent fibre levels was also much reduced (levels of 55-63 and 94-104 g/kg in Expt 1 and 64-70 and 105-1 15 g/kg in Expt 2 respectively). Nor did equalizing diets for fibre content affect the lowering of availability estimates based on carcass relative to live-weight performance. A limited number of viscera (including the trachea but excluding the kidneys) were examined and this indicated that whilst there was a slight increase in the weight of viscera minus gut contents in some pigs given the protein concentrates, the main effect was due to an increase in gut contents. In Expt 2 there was also an increase in the dressing proportion in pigs given standard 98 E. S . BATTERHAM, R. D. MURISON A N D L. M. ANDERSEN lysine and this contributed to the lowering of availability estimates when based on a carcass basis. The reason for such an effect is unclear; it did not occur in Expt 1 or in previous sloperatio assays . It is desirable to express availability estimates on a carcass basis as it avoids the effect of variation in the weight of viscera and gut contents. It is also desirable to examine the effect of expressing availability estimates on a protein deposition basis to determine if the small differences in the slopes for lean in the ham of pigs given the different protein concentrates reflected differences in availability.
The slope-ratio estimate of 0.98 for lysine availability in soya-bean meal no. 1 (Table 9 ) was higher than the estimate for soya-bean meal no. 2 (0.89, Table 9 ) and that of a previously reported soya-bean meal (0.84; Batterham et al. 1979) . The high value for soya-bean meal no. 1 may reflect variation in the availability estimate as the standard deviation was 0.1 1 ; it may also reflect variation in the total lysine determination. Whilst the standard deviation of the total lysine estimate was small (0.04), this reflects only within-laboratory variation, and between-laboratory variation may be greater (Porter et al. 1968; Williams et al. 1980) . However, the estimates of lysine availability that were greater than 1.0 for a number of meals when gain and FCE were assessed on a live-weight basis (Tables 9 and 10) do not appear to be due to underestimation of total lysine but rather to overestimation of the availability estimates (due to the effect of variation in dressing proportion, as discussed earlier). The estimates on a carcass basis were considerably lower for these meals and less than 1.0.
The slope-ratio estimates with rats indicated that for some meals (cottonseed and soya-bean meal) there is a close agreement with the pig estimates. This also applies for sunflower meal (Batterham et ~l .
198 1). For others, such as lupin-seed meal, the rat assay is inapplicable for predicting pig response. Additional assays need to be made with peanut meal and field peas before firm conclusions for these meals can be made. As in previous work , there appeared to be little relationship between the values from the two chemical procedures and the slope-ratio values. Until the cause (or causes) of the variation in available lysine in the different vegetable proteins for pigs and rats is elucidated it is difficult to suggest suitable in vitro or in vivo techniques for predicting lysine availability in these meals for pigs.
